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Abstract
Neurocognition and social cognition are separate but related constructs known to be impaired in
schizophrenia. The aim of this study was to extend the current knowledge of the relationship
between social cognition and neurocognition in individuals at clinical high risk (CHR) of
developing psychosis by examining, in a large sample, the associations between a wide range of
neurocognitive tasks and social cognition. Participants included 136 young people at CHR.
Specific domains within neurocognition and social cognition were compared using Spearman
correlations. Results showed that poor theory of mind correlated with low ratings on a wide range
of neurocognitive tasks. Facial affect was more often associated with low ratings on spatial
working memory and attention. These results supports a link between neurocognition and social
cognition even at this early stage of potential psychosis, with indication that poorer performance
on social cognition may be associated with deficits in attention and working memory.
Understanding these early associations may have implications for early intervention.
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Individuals with schizophrenia and other psychotic disorders experience deficits in both
neurocognition and social cognition which, although related, most likely represent separate
constructs (Addington and Piskulic, 2013). Furthermore, significant relationships have been
reported between specific neurocognitive and social cognitive domains. For example, poor
affect processing and theory of mind have been frequently shown to be associated with
deficits in attention, working memory, executive functioning and IQ (Kohler et al, 2000;
Brune et al. 2007; Pijnenborg et al., 2009). Recent research has demonstrated that young
people who are at clinical high risk (CHR) for psychosis (Addington and Heinssen, 2012)
also evidence impaired neurocognition (Giuliano et al., 2010; Fusar-Poli et al., 2012;
Barbato et al., 2013) and social cognition (Addington and Piskulic, 2013), although very few
studies have examined the association between social cognition and neurocognition in those
at CHR. To date, three studies (Chung, et al., 2008; Stanford et al., 2011; Hur et al., in press)
have examined associations between theory of mind (ToM) and neurocognition. All three
reported significant associations between ToM and IQ and two reported significant
associations with executive functioning (Chung, et al., 2008; Hur et al., in press). In these
studies verbal memory was inconsistently associated with ToM. A fourth study
demonstrated that facial affect labeling was related to executive functioning but not to IQ
(Van Rijn et al., 2011). Some of these studies had relatively small samples and assessed only
one domain of social cognition, usually ToM.
The purpose of this study is to extend our knowledge of the relationship between social
cognition and neurocognition in those at CHR of developing psychosis by examining, in a
larger sample, the associations between a wide range of neurocognitive tasks and social
cognition. We predict that social cognitive deficits will be positively associated with a range
of neurocognitive difficulties, in particular attention, working memory, executive function,
and IQ.
2.) Methods
Data was collected at the initial assessment of PREDICT, a longitudinal study to determine
predictors of conversion in individuals at CHR for psychosis, conducted at the Universities
of North Carolina (UNC), Toronto, and Yale.
2.1 Participants
Participants were 136 CHR individuals (57 Toronto, 54 UNC, 25 Yale). All participants met
the Criteria of Prodromal Syndromes (COPS) for the attenuated positive symptom syndrome
(APSS), based on the Structured Interview for Prodromal Syndromes (SIPS) (McGlashan et
al., 2010), which includes the emergence or worsening of a non-psychotic level of
disturbance in thought content, thought process, or perceptual abnormalities over the past
year. Exclusion criteria were: presence of an axis I psychotic disorder, history of
antipsychotic medications, past or current history of a clinically significant central nervous
system disorder, and IQ<70. Furthermore, participants were excluded if they were using
antipsychotics at baseline.
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Criteria for a prodromal syndrome were determined using the SIPS and severity of
prodromal symptoms with the Scale of Prodromal Symptoms (SOPS) (McGlashan et al.,
2010). The structured clinical interview for DSM-IV (First et al., 1998) was used to assess
for the presence of non-psychotic disorders.
Assessment of social cognition included three measures of affect processing, the Facial
Emotion Identification Test (FEIT) the Facial Emotion Discrimination Test (FEDT), (Kerr
and Neale, 1993) and affective prosody (AP) (Edwards et al., 2001). The Abbreviated
Trustworthiness (Adolphs et al., 1998) was used to assess complex social judgments. The
Reading the Mind in the Eyes Test (RMET) (Baron-Cohen et al., 2001) was used to assess
theory of mind abilities.
In the FEIT participants are presented with facial photographs depicting happiness, sadness,
anger, fear, surprise, disgust or neutral and are asked to identify the emotion. In the FEDT,
using the same emotions, participants are presented with two different people displaying
either the same or different emotions and participants are asked to judge whether the two
picture show the same or different emotions. The AP involves audio recordings of four
simple sentences (i.e. “he will come soon”, “they must stay here”, “she will drive fast” and
“we must go there”) spoken by three professional actors displaying the following emotions:
fear, sadness, anger, surprise and neutral resulting in a total of 60 items. Based on sentence
recordings participants were required to indicate which emotion was expressed. For each
actor, there were three practice and 20 target items, with eight seconds of silence between
each item. In the Abbreviated Trustworthiness task, participants are shown 42 faces of
unfamiliar people and are asked to imagine they had to trust the pictured person with their
money or with their life. They rate how much they would trust the person on a 7-point scale,
ranging from −3 (very untrustworthy) to +3 (very trustworthy). The most trustworthy (top
third/a score greater than +1) and least trustworthy faces (bottom third/a score less than -1)
according to Adolphs’ normative scores are used to form two scales: the average rating on
“trustworthy” faces and the average rating on “untrustworthy” faces. In the RMET
participants are shown a pair of eyes and asked to choose among four words the one that
best describes what the person is thinking or feeling. The percentage of correct responses is
used as a summary score for this measure, consistent with previous research.
Neurocognition was assessed with a comprehensive battery. Attention was assessed with
digit span distractibility (Oltmanns and Neale, 1975) and the Continuous Performance Test-
identical pairs (Cornblatt and Keilp, 1994); executive functioning with the (Wisconsin Card
Sorting Test (Kongs et al., 2000), Trail Making B (Reitan and Wolfson, 1985) and the
Stroop Color-Word Test (Golden, 1978); processing speed with the Trail Making Task A
(Reitan and Wolfson, 1985); verbal fluency with the Controlled Oral Word Association Test
and Category Instances (Benton and Hamsher, 1983); verbal memory with the Rey Auditory
Verbal Learning Test (Rey, 1958), verbal working memory with the Letter-Number
Sequencing Test (Gold et al., 1970); and spatial working memory with the Computerized
Test of Visuospatial Working Memory(Lyons-Warren et al., 2004 and the N-back task
(Kirchner, 1958). IQ was assessed with the block design, arithmetic, digit symbol/coding,
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vocabulary, and information subtests of the Wechsler Adult Intelligence Test/Wechsler
Intelligence Scale for children-III (Wechsler, 1974, 1981). These tests are presented in Table
1.
2.3 Procedures
Clinical raters were experienced research clinicians who demonstrated adequate reliability at
routine checks. Gold standard post-training agreement on the distinction between high risk
and psychotic levels of intensity was excellent (kappa=0.90). Research assistants were
trained by DLP for social cognitive assessments and by RK for neurocognitive assessments.
Study protocols and informed consents were reviewed and approved by the ethical review
boards at all sites.
2.4 Statistical Analysis
Two-tailed Spearman correlations were used to determine associations between
neurocognitive and social cognitive tasks. In addition, correlations between symptoms and
neurocognitive and social cognitive tasks were performed to determine whether prodromal
symptoms had to be included in the analysis as a covariate. To account for multiple
comparisons, a Bonferroni correction was applied.
3.) Results
The sample consisted of 136 CHR individuals (80 males, 56 females) with a mean age of 20
years (SD=4.7, range 12–31). The majority were single (94.1%) and fifty-four percent had
completed high school. Eighty percent of our sample was Caucasian, the remaining were
African American (7%), Asian (7%), native Hawaiian or other Pacific islanders (1%) and
mixed race (5%). Nineteen percent of the participants had an anxiety disorder and 23.8%
had current depression. For the majority of our participants there was little evidence of
alcohol and marijuana abuse (5% and 14% respectively). The use of substances other than
alcohol and marijuana was either minimal or absent.
The means and standard deviations for the tasks are presented in Table 1 along with means
and standard deviations from published norms or healthy control groups published in the
literature. Kolmogorov-Smirnov test showed that, with the exception of FEIT, RAVLT,
Stroop, CPT d’, COWAT and Category instances, our measures were not normally
distributed. Therefore we used Spearman correlations. Mean score for the SOPS positive
symptoms was 10.88 (SD=3.04) and for SOPS negative symptoms the mean was 8.04
(SD=5.78) There were no significant associations between positive and negative symptoms
as assessed by the SOPS and any of the neurocognitive or social cognitive tasks. Thus, we
did not control for symptoms in the analyses. Associations between social cognition and
neurocognition are presented in Table 2. The trustworthiness task was unrelated to any of
the neurocognitive tasks. IQ was unrelated to social cognition. Low ratings on the AP and
RMET correlated with low ratings on almost all neurocognitive tasks, but only correlations
with RMET remained significant after the Bonferroni correction. Low ratings on FEIT was
also associated with low ratings on most of the neurocognitive tests, but only remained
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significant with N-back tasks 1 and 2 and the CPT-IP (composite score) after applying a
Bonferroni correction.
4.) Discussion
This study examined associations between individual neurocognitive tasks and social
cognition in individuals at CHR for psychosis. It was observed in this sample that IQ was
unrelated to social cognition. This is contrary to previous findings with CHR samples in the
literature (Chung et al., 2008; van Rijn et al 2011; Hur et al., 2013). However it has to be
noted that the mean IQ in our sample (IQ= 112.06) was slightly higher than that of other at
risk samples respectively from the above studies (109.76, 109.47, and 99.9). The
trustworthiness task was unrelated to neurocognition, a result that has been observed with
other patient populations (Bellugi et al., 1999). Since judgments of trustworthiness are
typically made rapidly and they have been suggested to result from over-learned automatic
processes (Haut and McDonald, 2010), it is possible that they are independent from
neurocognition.
Poorer performance on the RMET was significantly and positively associated with deficits
on a wide range of cognitive tasks, mainly involving attention and memory. Similarly, facial
affect identification was also positively associated with attention and working memory,
partially confirming what has been observed in schizophrenia patients (e.g. Kohler et al.,
2000). Affect discrimination was unrelated to cognition, possibly because an examination of
their scores compared to norms from the literature suggests that as a group, participants were
not impaired on FEDT with very little variation. There was no relationship between
symptoms and social cognition, which is consistent with previous reports (Stanford et al.,
2011), although a link between symptom progression and social cognition has been reported
(Kim et al., 2011).
In this study we had a large sample of CHR participants and no confound of antipsychotic
use. However, the study was limited in that we did not have a healthy control group, which
would have allowed us to determine more specifically if social cognition and neurocognition
were impaired in our sample. An examination of the mean scores from published norms or
healthy controls in other studies suggest that our sample is most likely impaired on many of
the cognitive tasks, as would be expected from the literature. Although, our sample typically
had lower ratings on most of the social cognitive tasks but without statistical comparison
with a healthy control group it is not possible to determine if these differences are
significant.
In conclusion, our data supports a link between neurocognition and social cognition, and
suggests that poorer performance on social cognition may be associated to deficits in
neurocognition, in particular attention and working memory, as well as verbal memory and
executive functioning. This is consistent with a recent meta-analysis examining social
cognition and neurocognition in both first episode patients and those with a more chronic
course of illness (Ventura et al. 2013). This study reported that no one domain or group of
neurocognitive domains (based on the MATRICS) was obviously more strongly related to
any of the domains of social cognition. Relevant for this current study were the moderate
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and consistent relationships that were observed in these samples of individuals with
schizophrenia amongst theory of mind, perception and emotion perception with verbal,
visual and working memory, attention and reasoning. Ventura et al. (2013) reported that the
relative strength of the relationships was medium with aggregated r’s ranging from r=0.23 to
r= 0.34. In our study, once the bonferroni correction was applied r’s ranged from 0.36 to
0.46. This suggests that our data fits with what is being reported in the literature with respect
to individuals with full blown psychotic illnesses.
An improved understanding of the role of social cognition and neurocognition in this at risk
period may contribute to a greater understanding of how these deficits that are notable in
schizophrenia develop and eventually their role, if any, in the later development of
psychosis. Increased information about deficits in social cognition does have implications
for potential treatments that have had some success in schizophrenia (Kurtz and Richardson,
2012). Such treatments may be particularly valuable for individuals at CHR, who present
only early signs of psychosis and have a higher recovery potential due to ongoing
neurodevelopment during adolescence and young adulthood (Statucka & Walder, 2013).
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